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(57) Abstract: 




PURPOSE: A method for fabricating a metal 
interconnection and a capacitor of a 
semiconductor device is provided to 
improve an electrical characteristic and 
reliability, by forming a metal-insulator- 
metal(MIM) capacitor of a three- 
dimensional structure having high 
capacitance without increasing a metal 
layer. 

CONSTITUTION: A predetermined region of 
an interlayer dielectric(2) composed of the 
first insulation layer(5), an etch barrier layer 
(6), the second insulation layer(7) and a 
hard mask(8) is etched to form a dual 
damascene pattern composed of a trench 
or trench/via in a semiconductor substrate 
(1). The first metal diffusion barrier layer(4) 
is formed on the semiconductor substrate. 
A metal material is deposited on the 
semiconductor substrate. The metal 
material on the interlayer dielectric and the 
first metal diffusion barrier layer are 
removed to form the first metal 
interconnection(3) in the trench or dual 
damascene pattern by performing a 
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AHg^gAISS^SSS^CHOHlfesoi^iooSS 
(74) CH£l2i ^S?, sJ^ei 

(54) E LE ai ^aa m a a ^hhaiei 

« ess bemi ^ HHd a! ^nHAia his aaoii §s §§§ znxife 

MIM(Metal-insulator-metal) ^HHAIEIS HISSlte SSOil 2101/H. ^ QQlt! IIHQy(Dual damascene 
patterning) 5§i 3CH^ SXISFH/d SB3& CfQF^ HH@S =?Z\S. OHHWte ?£| DDKdtCu 
Dual Damascene) BH£ SSIIJ- gflKCcompat ible)tf 4 s 2i= MIM ^HHAIEH HI2S Olgo^OI CfD^ 

M@0|| 3x^ ^£21 H ^SM(High-k) MIM(Metal-lnsu lator-Metal ) ^IWAIEjS HI£»S£MI S^SSJ 
^SJOI Ml M 3iHHA|Ei£f Cu tiH^M §SJ #011 gSSl §A|0]| ^HHA|E)2J §2 §§§ ^SofOi ±tt 
2j ag S tt^AICI 4^ 2JS= BEfll ±X12\ dH£ H 5HIIHA|Ei HIS SBOI }HA|£!0. 



(51) Int. CI 
H01L 27/108 



CHE£ 
£1g 



^dl. ^dl dHd, MIM, MIM ^EHAIEH, S3| E^S 



E 1a LHXI £ 1gb » It BOB OS BEfll ±»2| g£* dH£ &! ^HHAlEi SIS aSi ^S6PI ?|6h01 
^P2§ EAI& BSE. 

E 2^= E 1b2| g§0l| ojso E2j*|oj gEHM SE&EHS £A|» BHOI 0*S£. 



I, 21 : WEXII 3IB 

3, 23 : HI 1 3^? bH£ 

5, 25 : HI 1 

7, 27 : HI 2 iasf 

9a, 29a : ^&x\ 

9. 29 : QQ\£1 

II. 31 : HI 2 3^ dH£ 
13, 33 : 6f¥ 2^ 

15. 35 : 2^ 



2. 22 

4, 24 

6, 26 

8, 28 

10, 30 

14. 34 
16, 36 



m 1 m& a not 
Ai2| axiot 

8F£ Of^B 
9b, 29b : Ol Oh 

: HI 2 3^ »X|0t 
12. 32 : a»Qt MS 

: HI 3 3^ &X|Q| 
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17. 37 : HI 3 dH£ 100. 200 : Ml M ^HHAlEi 

A : ^IIHAIEH gg 



£ BJEXII ±J>2| = ^ bH£± S 3HIIHAIEH HIS 33££. s S | =g qq\£\ EH g Oil 3 

xf^i ^?s^ g^moi §s gg§ s:nAis ^ aife etEa sx>°i 3* bH# a ^nuia wis »aoii 

SB 3SOIQ. 



ojo^o^ cfo^sh fe£|(Loglc) £»2| =?gm «»« 4*§ 4: XK Passive component)^ ^EHAIEj^ ± 
X\ HIS g§ S01I fllSatt. 01 OB. HIS£|fe 5HIIHA|EH^i= MPU £»0I|A|2| CI^MiJ (Decoupl ing) 3\m 
Ala. S0C(system on a chip) SXhSf RF(Radio frequency) SX r 01IAH2| 2* M^(Block)2}£| SIIlEi^ a 
xl ( Impedance matching)^ flff ^iS^i §<! brOIHH^MCoupl ing & bypass) ^illHAlEi, A0(Analogue to 
Digital) ££r 0A(Digital to analogue) & tH El (Converter) Oil AH 9\ ^DHAIEI CH £H 01 (Capaci tor array) § 
01 2iCK Oiae ^HHAIEH^ *JEI^ S£(Silicon junction)! OlSff S£ ^DH A| El (June t ion 
capacitor)^ HIS9IHU. S^SIB! ^¥Dls(AI) bH£ }|^0tlAHi= PECVD SIN^S ^S^|°|o^ 
AI/SiN/AI2| MIM(Metal-insulator-metal) ^HHAIEHS HlSSCh 

nau. ssr ^w^d\ smsun aiM(Bit) mJ\o\\ eoii coa cnggsi ^hiihaieh^ hq 

8HHI £101 . OjIM IS 1 GHz Oil AH S^te CPU°I 3?, (Decoupl ing)M ^ SH AH 400 nF°l ^1 HH 

A| EH SSOI i2M. 01 ID. Toxeq^r 1nmSi §^ ^CH^ 4* 81 fc ^ DHAI (Capaci tance)^ 

34.5nF/mm 2 0IW. 400nF2J 5HHHA|&j^e £31 ?|SHAH{= 11.6mm 2 2J a^jOl HfiS^I SD. ^XH ME 

£|{= PECVD SiN 1000A3 o 2i§ 70|y a ^ pj^^oj Toxeq^ 56nm, 3iMM&±$= 0.62nF/mm 2 OIH^ 
400nFS1 ^illHAie^M £}| ^ 6H AH ^ ^ ^ 01 645mm 2 §SE£J^ ^HHAIEHM HISoHOt »Cf. 01 §SE 321 £| 



at so/ oimjanmtr mm 

CCrdrAH. & aojoj gHISg 6HS8 r 3l ?|orOJ Sm32J ErO^ HHidM ^dl^ 0Hi!8r*r =?Z\ S 

^ a0f<y(Cu Dual Damascene) dH£ a H (Compat ible)8 4 91= MIM 5HHHAIE1 HIS ^SI 01 S 

6rOj IBiaa(0ual damascene patterning) SSI 3CH^ ^XimSAH Q0h<M EH S CHI 3X1 & 

^^21 H ^SM(High-k) MIM(Metal-l nsulator-Metal ) 3H HH At EH M HIS&^^Mi ^^FSIOI 
MIM ^2HA|EH2f Cu bH^M SOII iJ^HI- ^A| CHI ^HHAIEiSJ §S g^M *rM8h01 2^1^ 

s^ai^ ^ sife asai ^ bHd a ^hhaieh his ^gi xiiga^pi 3 ^^01 ^ 

a. 



^ ^SOil 0>e ^£^1 bH^ S ^IIHAIEH HIS £rE2| HI 1 ^AIOII^ M 1 i2°4, » 

X|£,\ M 2 ffi o[El 0FS3^ 0l¥CH& i^e}2| S§ S^g ^^6^01 ^^Ixl 5Efe 

a blOr^ 01^ CHS ErOf<M HH@0| g^^l BISfll PI&OI XilSSJ^r BJL ^£«l ^l&2| &^0|| HI 

1 ^xi9|g i*£§f£r sis^i ^i&2i ^ h ^on ^^mmm m^^i mm^ d\du*\ ao r 

i§2^ ezi ^a^i ^si ^^mm ^ hi 1 m& ^x\^ y m Hi^moi ^&x\ ^a ao^ iih 

©Oil HI 1 ^ bH^M SS§ffe &5II. 5HHHA|EH^ S^OI ^#£1^ IIH ©it i!£6f0i ^ 

S^l HH&OI §££JXI &0h 6fE dr^3 % HI 2 iS^i Hl>i^ ^ HH&M Hl>l 

ofe B?j| f HI 1 m&m ^Oil 6^ 2^, SSxIIQf, ^¥ 2^ S HI 2 ^ ^ 

X\^m ±Xl™&^. m^o[^ Ei^l, 2^1 &0JI e^oFOI HI 2 M22fOI Hl^9 UCH 

XI ^281 0HS8^ ffi »ttfa| 71 311 q 2 0H ^AI6KX HI 2 mm, HI 2 

^Xl^, ^¥ 2^, SSXII^ §y 8^ HI^8H1 S&sfo^ HI 2 bH^M 

2f ^AIOII ^IWAiaS SS8^ OI^CHSEf. 

AiZ| axiSf SEb ^.Ol 8rE Or^Bfe PECVDS^^ SiN SEfe SiC^IS 100 LHXI 1000 A S^2J ^^|^ § 
SrStOI §^8 r 0|, HI 1 5Efe HI 2 §ae|S Si0 2 , FSG 5Eb ^2M0I 3.0 Oim&! XHSSS §as| 

S M§6K)j 450TCOI812J g£0IIAH ^A\D[ PECVD S , HDP-CVD^ , APCVDS SE^ ±B 3D g>^ g 

^S«X| SE^ QOId HH^B ^g^?g£ AHfiiEloj «EH^ §^8F£I, ^^xl DQf<M UHg 

si sxii sjg gsoiiAH hiss ^miAiaai ^nHAie^s nasjoi g^^a. 

HI 1 ^ S XI SE^ HI 2 Sf^ ^XIQIS PV0S . CVDg SE^ ALDS^^ Ta> T aN, TiN. WN, 
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TaC, WC, TiSiN Efe OIS g ^OiE CHE »S 01 &8 3g £&8K)| gSfoH SS&a. OIOM, XII 1 g 

^ m& sxiqis isa^i soil usesi sai maun o>=5 ^ihehm ois» /disoiu h 2 e*= 

NH 3 §21 4^8 SBS Md^OFM 01 gel- £|^E|H Ailg§ gAI8 4*E 2ACI. 

xii 1 bH<y se^ m 2 bHd^ mm^. =?z\m m§b\o\ . pvos E^r cvdse^ Cu aie§ 
m s«e m cu spi esse^ egHxi sEfe pd^ nnem oh^oi gse^u, £Pi tisi 

OIS& Cu §^2S Cu AIESM 8g& * ^S5H E^r £PI £i^2S ^&X\ Efe £8 DD^ m@ 

m ohhstiu. tfpia oh^j ^§ sa2s M2!xi e^ ^s* auw nuee oHastoi 888 
a. 

6I-E 0l±3fe 85? 31^8 AhgSKH MSfZECU 2^! AJ^ S§2§ XIIZHSUL 01* XII 2 IS^S 

Si0 2 . FSG, SiOC, SiOH, SiOCH £^E^ S^OlIb HFS £88 AtSShOI S£IOj 

31821 8Bat2S g£JS S^OIIfe 0 2 8a*0t8 Atg»OI XII 218a. 

m^- 2^ Efe y¥ 2^ CVD£ , PVDS EJ= ALDSE^ Pt , Ru. Ir Efer WM gSfSfOJ gSSICf. 61- 
^ 888PI 2011 §s> ^SM 8&APPI ¥18101 82 S^ai AhQii §S[§2§ TIN, TiAIN E£r 

TiSiN go| g^ 31 01 01 g S£8 ^E «a. 

SHHIBJS CVDS, PVDg Efe ALDSE^ Ta tfSW. Ba-Sr-Ti &»g. Zr fc[»B, Hf aaB, Pb-Zn- 
Ti 6h£*g. Sr-Bi-Ta 6} si MM g^8*0j 8880. 



OISK £31 ^56f01 B 88 °| XII 1 ^AIOIIS QH^ 6fA||S| 888PIS BO. 

E 1a LUII E Igfe B tfSOH CLf^ BE HI ±tt£J ^ bH£ » 51 HH A I El XII 2 »B2| XII 1 ^A|0il§ 
88SPI ¥|SK)| ^»2|2S EAI8 £»2| BeEOIO. £2b£ 1bS| §§0)| 2J6H ISS M&ix|2] 
SEHM 888QIS EAI8 SH0I O^EOIO. 

E lag S3E8h8. ±£2\ i§21 &IEXHI ±XfM SS6PI ?|& CM aH Q^^^ gS@ ^EHI PIEKD 

^oii eei i^^(2)i m&m m ^ s§2§ szj- iaa}(2)si s^m ^ g^ t§§ 

DBBIVOI HI 1 ^ bH^(3)S SSSD. OIUH. B »aoil/Hfc ii^ ?£|g AtSttOJ HI 1 

bH<^(3)M =?B| bH<yE^ aSSD. Ol^ SXI XHI 1 HH<y(3)§ S»B SHI tfOII 

»»BK4). si 1 aaot(5). ttJioKB). xHi 2 aaoi(7) a sie o^a(8)g ^»^2£ aa» 
a. 

^OIOIIAH, ^X|°|(4), &X|Q|(6) E£r 6IE 0^3(8)^ PECVD^E^ SiN E£f SiC^IM 

100 LHXI 1000A g2J2J ^^6101 g^^CI. SB, XII 1 12^(5) g XHI 2 19Qf(7)S S^2| 

Si0 2 , FSG(Fluorine doped Silicate Glass) E^ ^2M0I 3.0 01 me! XISSs Mm o\0\ 4501C 

0I6I-HJ ^EOIIAH 41 API- 5fSS PECVD. HDP-CVD, APCVO, ±E 3g(Spin coating) §25 g^B 

□ . S&.^E5, gmOHM IS! au[ id nHEia(Oual damascene patterning) g>^0IU, m& 
^im SS6PI ?|6K)) S^£|fe g = 0|| ^11^(6) Efe 6^E 0^3(8)21 g§S 

^ 9ia. 

E 1b S E 2S SlSofa, HHEH y @ 8fE 0^B(7)M Df^3S 6^ ^ Si2S XII 2 

a|1|o|(7)oj a§ s «« a«2|SF01 M^xl(9a)M SS&P. M^xl(9a)M SS6PI ¥1^ g§§ *j 
AISF^ § CHI AH XII 1 ^SfQT(5)g SX|S|(6)0|| 2J 6H ^^£JXI S^Ch ^^!XI(9a)^h SSSJ3AH 

£§9 ^X|°I(6)2J ^§ S«M XHI ^> ^ g§25 XII 1 &s*&K5)2| g o\¥ 

°| XII 1 ^X|°|(4)M ^simCN XII 1 bHd(3)0l E^SJfe UIOI(9b)g SS^Cf. OISMI , 

MgHxl(9a)£f dlOK9b)S OI¥CH£i ^ aoifc! HH§i(9)0| §^9L[. 

^bhxjo S( c=^ ao\£i HH0(9) aS8 HlOhS ^XH ^^e! ^ M^ixIM m&m ^E aiEW, 0| 
g 6fE D^B(Dual top hardmask)M 0|g&- gjg § &S2§ S«» ^ 

OICEH, M^IXI(9a) E^ QQltl IIH@(9)2J gEH^. SSE5 031, E 2011 E A| & df 2| 

SOI, ?B?SB AH eiEfoj (Serpentine) ^P^OID. CLfafAH, SxHI AHliEI2i ^P£2| M^ixl(9a)^ 
«8JHAI 9 ^11 2^£jOH ^EHOIOI. UI0K9b)g g6f01 XII 1 dHfl(3) bH^3l £PI*}E^ 

HQ. SEK. AJBBffl ^?£5 M^ixl(9a)2J 2xHI H=I'S fi^Slf: ^DH A| & ^(Capaci tance)M H 

Bisfoi aaso. 

E 1cM nHS(9)M SXHI ^^Oll XHI 2 Sf^h ^X|Q|(10) XII 2 

bH<yg lit ^ §i^^ &utm ^Aiohot mE o^b(8) ^si xhi 2 sf^ «j 
xiof(io) sy til xii^sm s&sf&a. 01 ^mh, ao^ hh@(9) lh^ohes- g^oi oh 
^jeioh xii 2 uHadDoi issa. b ^soiiah^ ti§ ^dKCum ajsbq. 

xhi 2 m& anoKio)s ^aisi o^psatoutdiffusionjoii sjs^oi ^hiih aieh2] s^i^ ^^01 ^ 

HI25 2J6H CMOS ^XF2] ^^01 ^IfSJ^HU, 1 2 ^(Dielect r ic)2J g^^^OI 5!M ^X|8h 

^i $\o\o\ m^ma. xii 2 mt* &xiq, v (io)§ nassi stii uioiiah o^^ ^mEKAr 

sputter)M 0I8S All S (Clean) OIU H 2 Eb NH3 §2J 5»B S£^0^ 0IS& £I^E|^ 

/dl§(React ive cleaning)g 4!AI& ^ PVDS . CVDS E^ ALD(Atomic Layer Deposi t ion)SE5 Ta, 
TaN, TiN, WN. TaC. WC, TiSiN Efe 0|g g 301E CHE OI^M itmoi g&f&Cf. 

XII 2 UH6!(11)8 ««6PI «» OOJfc! flHS(9) Ui¥52| ^P£| PVD^ E^ CVDSE5 

Cu AIES(EA|6fXI &e)S 846.* ^ Cu ESS (Elect rop I at ing)E5 ^AIS^U. SPI ESSI 
Olg^ Cu §^25 Cu AlEee m ¥2oH Efe S^l E^SE^ ^AI&D. E^, ^PISI &a 

8 s«a»3ii g,^2§ cue dhd&d. 
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£ IdB SiSfS, i? 3 Oil AH MtM HJUM&Dl M&m S^OI 3HS(0pen)£l£^ Of^Bl M 

g§K>j 5£(Photo) §§§ gA|8}0f DHS(12)g Ba»Q. OIQH. nHEi(12)£ £ 20il £ 

Ala ^M 1 ?^ AH ffl &21 (Serpent ine) =?^S\ Maixl(9a)» in^AlgJD. 

EE 1eB 826>B. B»B( HHe<12)§ g^SKX ^illH Aia^h g«(A)a§ ingAI^ * ^HH AlH^h 

B£!i* g2{(A)£| ofE 0^3(8) §y HI 2 aaot(7)B ^ i§2S Ml^&Cf . 3rE 0r^B(8) S! HI 

2 asatmoi joaa hh&02)e xoea. 

B\El U\±B(S) ft! HI 2 aaev(7)S| &|2* SSOilAH, 6IE 0^3(8)fe ^(Fluorine) B« 3^B M 
gofOj M£fZErJr 2^ ^(Plasma dry etching) g§2§ HI^SHQ, 01^ 6fE 0r^3(8)^r Hl>l§^^ 

21m s^sj hi 2 «aoi(7)« ai^ea. oioi. hi 2 aaotmoi sio 2 , fsg, sioc. sioh, sioch 
o\mo\B s^oiib hfm sere m^m msbw nw&n, saioHPoiymer) jisa xi&mm 

i2°42§ S^Oilb 0 2 S£^0>§ ArgSrO) HIIH&CK HI 2 aa«K7) 8*¥0II HI 1 i2 

£ IfB S£8ta. 3HIIHAIEH S3 OH a S^(A)01I ±£& HI 2 UU&W SSS a XI ^ Oil 6r¥ 

s^d3), saaiQid4), ^¥ 2^d5) sy hi 3 *a »xiqhi6)b &z\^°g. gs&a. 

8h¥ 2^(13) §y S^(15)S CVD^ , PVDS SEfe ALD£j°^ Pt f Ru> , r £ ^ w g gSfg>0| 

P. OIOI. 6r¥ S^(13)j» 6h¥ S *f !|£ (Adhesion)OI ge}& S^01|{= TIN. TiAIN SE^ 

TiSiN S°| If 2H0l0i(Glue layer)g gSSI ^ 8r¥ S^(13)§ S2xl|9J(14)g CVDS , 

PVDS EEi= ALDH2S Ta a^oj, Ba-Sr-Ti Mi, Zr 6h»8. Hf aSS, Pb-Zn-Ti ^Sg, Sr-Bi-Ta 

^sfii gswoi issia. hi 3 «ra ^xi°[(i6>e egoiiAH bHasi cu &m 

Ol OfS P^a(Outdiffusion)OII £18*01 6f¥ 3HIIH A|E)SJ a3l3 ^gOI ^s}SJ£f &XI8r3l ?)6^0j 

B«KO. HI 3 2^ eta g>>X|S[(16)^ £ 1c Oil AH gge HI 2 3^ Sfa »X|QM10)2| IS ^3 § 
BI& SSI SS^Cr. 

£ 1gB £f£8 r a, ^HHAlEi g£! 0||§ (A) Oil AH HI 2 33^(7)01 ¥^°l UfflXI §e}§ ^ 

^6i oHue- ^ ^^ii^ iii a hi ^^oii m^m m &u\m mmb\o\ 

a^E q^3(8) m^am, s&ifa^oi hi 3 ^ bHad7)s isna. oira, n 

S 5E IcOilAH «Aie HI 2 ^ dHd§ MB. B<T 9819 §g§[ Sa2§ B«T«0. 

OI^Mi, ISflOa) ODte! HH@(9)8 OlgmOl 3x r ^l ^2E^ Olf Oja Ml M 3HHHA|EH(100)^h 

asao. 

0I^, £2 Oil AH SEAI6HI a^XIEI, HI 3 ^ bHa(17) ^Oil UH^j §^0I ifi§l S¥0ii 

QfAi ^ «^ ajciaj e^^ 2i^si aa^is g^Ai^i^, feoioiiAH ah^^ uHa g§nf § 
aa2g s§§ atyafoi hh^m isep. ^ § oil ah ana §§e^ mim 
^ihaieh &m a^e a^i^^^ ^ai^^i ani^ei mim capacitor^^ ao. 



b oil trie e*£EM ^xhHi bHa a ^hhaih hize aaa hi 2 ^aioii^ hi 1 aa^. ^ a- 
xi ^, hi 2 aa^ §j 6hE Or^B^ oifcna #zi aa^sj ^§ s«g ^i^ia^ ^&x\ ee^ ^^xi 
a biof^ oifcna ao r a nHeoi isa assi ^ieoi Hisa^ b^i, bjexii ^iesi ^^oii hi 
1 ^a axiaie g^af^ e+^i, ^shi d\B9\ ^^oii s^iii e^i^ ^ sf^^ ^i^i^ aoi- 
&oi sej aasi Ahoj a^j gj hi 1 %a axisi§ xhix ohoi m^zi se^ 

CfDra line Oil HI 1 UHa* g^6fb B3|| . HWME\J\ §S1 S^OI ^#3^ nH&g g 

^6^01 &SQ| IIHeOI §^£JXI 01^3, HI 2 IS^ S HI 1 ^ bHae HI 

^ nnee Hixmb hi 1 ^ ^a axi^m a hi ^ohi a^, sani 
ei. a^ as hi 2 ^a »xi^» ^^2§ isatfe esi. a hi ^ohi §i§ s^^oi 
hi 2 aa^oi hix@ umxi &aai dh b?ii si ^i^i^j ao^s ^Aia^oi 
hi 2 aasi mm. hi 2 ^a a^, ^ani^ s a^s Hixom s 

&£fmo< hi 2 ^ bHas gs&i eAioii ^noAiag g^oib oi^o^acf . 

Ai2| «>X|Qj £ ^ Ah^j Q^afe PECVD^o^ SjN SiC^I§ 100 LH XI 1000 A *£9\2\ S 

*tmo\ m^^m , hi 1 aa^ se^ hi 2 aa^s sio 2 , fsg se^ ^asoi 3.0 oima x^as aa^ 

8 AFgmOl 450*C0lo r 2| ^£0{|AH ^K\D\ J[~m PECVDS . HDP-CVO^ , APCVDS 5E^ ±& 3g M 

^^hxi se^ DDha imeB :?m?m& me±e}°\ seh^ §^6fej , m^xi se^ aofa ime 
si a hi a^ g § oil ah hize@ ^^wME^s\ =h ^nuAie^M nas r oj sasa. 

HI 1 Sra &XI^ V SE^r HI 2 &X|Q*S PVD^ , CVDS EEb ALD^o^ Ta, TaN, TiN, WN. 

TaC, WC, TiSiN SE^ 0\m E ^0i£ CH^ 0\&m ^mS[0\ e^oH 01 dK , HI 1 S 

^ ^a axi°i8 g^rn^i a oil nas^i soi lhohiah of§e ^ihehm ois^ hisoiu h 2 se^ 

NH 3 §H] 5&§^ Sa^OhS 0|§& £|2«EI^ AilSM ^AIS 2iQ . 

HI 1 bHa EEi= HI 2 bHa^ ^ ii§ ^dlS AUsfOl, PVDS SEfer CVO^^^ Cu AlHS 

s sse ^ cu a^i M^ixi se^ cioFa nuee dh^s^ m^o\7\u, a^i essi 

OlSe^ Cu S^o^ cu AIHSS m ¥a5H SE^ a^l Mg Hx| SEb aofa HH© 

m QHH8rXU. ^0|£j QH^ 1 gf^HS M^ixl SE^ CfDFa HH^S OHUSrOI 

a. 

6fE O^B^ i4i AigSIOj gdf^Oh §§25 Hl^SrH, 01^ HI 2 ifflQfg 



13-4 



glWm 61^2002-0055888 



Si0 2 , FSG, SiOC. SiOH. SiOCH £J^£^ s°Oil^ HFH S»B g^M AtgSKH HI^SUl, MdlDi 

3IS2J X^Si BSStSS S^OIIfe 0 2 6«*mB At 8 81 01 HI^BQ. SE§h HI 1 bHd 

E£r ^Hl££r HCI Efe H2S0 4 g2J # g^S MgSKH HUH^D. 

8r¥ 2^ Efe 2^8 CVDg, PVD3 E£r ALD3ES Pt . Ru. Ir Ei= WM g a* 61 01 SgBCK of 

¥ S^M gSoPI 2 Oil ^Si BMAI9PI ?j6F0j 821 i2°4 &0II S£|#E£ TiN. TiAIN Efe 
TiSiN §2| ^¥ eHOICHM ggg 4^E 

CVD2, PVDg E^ ALDBSts Ta Ba-Sr-Ti 4IS8, Zr £>Sg. Hf 4h»8. Pb-Zn- 

Ti Sr-Bi-Ta ^slii S^6fO) g«fia. 



0I8K ESi SSKOI » ttasi HI 2 MAI Oil ■ CH^ MMI8I M88PIS »D. 

£ 3a LH XI £ di= S ^SQil Cft^ B*£»l ±»2I g^s HH£ Sy ^DHAIEI HIS »B2| HI 1 MAI Oil ■ M 
S8H>I ?|8}0I EAIB ±X\21 BBEOICL E 2£r E 1b2J SSOII 2JSH g£9 M^xISj g 

EHM 31 BM EH Sc. EAIB SHOI OJSSEOIQ. 

£ 3aM S2S8hB. B£E»I r^2J ^ dH£ » ^IIHAlEi Hl£ &S2| HI 1 MAI OH OH A) £ 1a LH XI E 
1dWXI2| 5§i SSiSMI MAI6KH DHB(32)WXI BfilffQ. 

£ 3bM SSftB, a»Qf IIHe(32)e gSSfOI 3HHHAIEPI ISI S2*(A)E>g E#A|£j * 3\WM&Jt 
g£3 3 9j(A)2| S r E 0^3(28). HI 2 134(27) U HI 2 3^ HH£(31)S *|2f g§2^ HIIHB 
a. 6[E 0^3(28). HI 2 8001(27) SI HI 2 ^ bH^ (31 )0I JO SB a»B| nHid(32)E JOB 
CK 

6 r E 0^3(28) * HI 2 8S0f(27)2| &|2f SSOIIAJ. 6fE D^3(28)fc M^(Fluorine) 3t£B 
Afg6f01 2±l ^(Plasma dry etching) §§25 JO 8*3. 01^ 81E U\±B(28)J\ JOS 

25 PJ6H g«2| HI 2 834(27)8 B^BO, 0101. HI 2 SB4(27)0| Si0 2 , FSG, SIOC. 

SIOH. SIOCH ^^25 0|^CH£! S^OH^ HFS SBB g^g M§510\ XOSH2, Mdl ffl (Polymer ) JIB 

2i i2Qt2£ s^oii^ o 2 m&^nim A r gam xo»a. hi 2 a a 4(27) 5^ oh g 

£3 HI 1 8B4(25)^ A|2|- &XI4(26)0|| 2J6H A|2fS^U 6MB XI SfeCL 0| ° HCI Efe H 2 S0 4 S2| 
g^M &!2»3l£te AfgmOi HI 2 bK<M(31)S ^ ^loH HCH&CK 

E 3cB 83E8hH. ^HHAIEH OH 8 S^(A)0II k§9 HI 2 ^ Sf^ »xm(30)8 SEBB SHI M* 

OH 6h¥ S^(33). f?afl|QM34) f ^¥ 2^(35) S HI 3 ^XI^(36)S ^Xf5|2g g£!& 

CI. 

6^ 2^(33) SI ^> h ¥ 2^(35)g CVOS. PVOS Efe ALDS25 Pt . Ru, Ir E^ Wg S^6 r 01 g^fi- 
□ . 01 [ffl , 6f¥ S^(33)Hf 6f¥ S^2J ^^(Adhesion)OI ^2[§h 3^011^ TiN. TiAIN E^ 

TiSiN g2J ^¥ £H0|Oi(Glue layer)S gg& ^ S^(33)M g^^Cf. ^afl|e|(34)S CVDS , 

PVD£ E^ ALDS25 Ta <^sf^. Ba-Sr-Ti ^»e. Zr ifflg, Hf Pb-Zn-Ti t!S8, Sr-Bi-Ta 

fcJSBI e^mOj HI 3 &X|9|(16)^ gSOilAH g^l «Hd2J Cu 

Ol 0^ P^a(Outdiffusion)OH 21^01 of¥ ^IIHA|EH2J a^l^j ^^01 51 ^XIoPI ?!6F0j 

gSBCI. HI 3 ^ ^X|°|(36)g E 1c Oil AH HI 2 ^JI^(10)2J |g g 

SB St g)S 84BO. 



E 3dS ^Sohe, 51 EH A I El g^ 0H§ S^(A)0IIAH 

¥^2i urn xi gzie e^ai oh ^ ^ ^ 2iM §E2j 

^l^l^j &nim MAIo^OI o^E 0^3(28) 

B«»Q. 01 OH. ii^ E IcOHAi MAIB HI 2 

5 gsfea. 



HI 2 §ast(27) SI HI 2 UHtf (31)01 ±"2JS 

¥^15 lit SHI ^¥0H g^th ^ sf^^l 

§1 Hl>i6^, S&fifmOj HI 3 dH<y(37)M 
bH^g ii gSB SS2 



0I5M1, 5^ix|(29a) E^ CfOF6l DHe(29)M 0188101 3xfS! 0l¥Oia Ml M 5HHH Al Ei (200) 

01°, E^OIIAH EA|8hXI aaxm. HI 3 0H<y(37) MOII HH<^ g^OI HfiB 3^011 

dai grxm ssr* as g^Ai^i^, ^,01 oh ah bH<y §a g 

g& a JS2S SSI atSShOI ^ HH^M g^gia. SSOHAH bH<y S§2S MIM 

91 MAI El ¥?I2J ^« S^l^o^ o^gAi^o^ ajgqej MIM capaci tor 1\ g^S^I @P. 



^,0121 §§! e (Layer) Oil MIM 5iHHA|EH2f tiW&m Mgm ^ ?Ji°W, ^¥ SSOI S^sf 

£ICH 2iCH g§§ g 01 o^l MAIlf 4^ 2iCf. E^ ( ^g CfOr^ ^2&2| 3»S =?Z0\\ ^nHAIEHM 



^01, s g^si s§25 ^g DOFd nH©g ga& m ou\& imeoii 3xf^ 

I ?^2J MIM 5HIIH A| EHS HI5g°SAM 5|^2j dH£ g^ g§0H 01 ^ 01 V[^o\H S^S2J g^fgiOl gOI 
8^1 ^IWAI&^e MIM 5iIIHA|ElM HI 5^ ^ SiCH ^X^2j S}|*h ^gjge BMAI5I 
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(57) g?i 
M=?& 1 

HI 1 §2JS|. &"2» gfiiai. m 2 § £3 si §J 8>E 0(^3? Ol^Oia SB §BSf£l Sg g^S ±J2*8l 
01 MeiXI Efe egtjxISI HlOfS OI^CHS Si DCUa HHSOI 1S@ BSHI JIBOI HlSSfe B3II: 

BEfll 3IB2I £f¥OII HI 1 3^ *}B g^XietS ggSlfe B31I: 

£PI BEHI 2IB2I &¥0II gsfgj ? 2}§i^ 301 SB 125} avoj 

#31 3^g§! ffi 4PI HI 1 «£» SXIS,^ Hl^ofOI £PI eaxi SEfe 4^1 CJOha DHSOII 

HI 1 bHtfe f S6ffe B3I: 

^inH ai isi s^oi t#afe ass* rags assKM ^?i asot raeoi gggxi aoj tts 
4.^1 shE oh^a ^ 401 m 2 §asie hi:hb ? 401 asa} mies hi:hs^ b:>ii; 

401 HI 1 3^ bHaS 5S& 2 HI 4} Oil 8>¥ S3, ^asiat, £^ 33 ffi HI 2 3^ SfB exists 
^»S|2£ ISSffe B31I: 

SHI &0II 3^ Si§ gsfSKH 40| HI 2 SBSfOI HI^S 3B2I UOjXI ?M§ B38I 0H§)8hfe B 
3)1 3i 

si§^ 2□^s ^aisioi hi 2 &21 4,01 3^ ii, hi 2 3^ m& afiiaf . 

4^1 6f¥ 33, #31 S a Ml Of 9! 40I 31V 23§ HI>I8H2 g BUSKS HI 2 3^ bHag iSSK 
SAIOII fHUHAIEHB mgmSz B3IIS OlVOIXIfer 2!S «§2S 8hfe BE HI £»2| 3^? bHa £J ^DHAI 

eh his aa. 



2 

HI 1 SOU 21 CH AH , 

&3I gJXIBf SEfe 6>0| 8>E 0>S3fe PECVD3°£ SiN SEfe SiCSJS 100 UiX\ 1000 A g?|°| ^JHI 

£ S*t8t0| ISoffe 21 ?§2S 8hfe BEfll SI1°I 3^ bHa U 34 HH A| EH HIS SS. 



3 

HI 1 SOU 2J0UH, 

&D\ HI 1 laaf SEfe 40| HI 2 129(8 Si0 2 . FSG Efer SaSOl 3.0 01 Shei USSi IB^s Ah§ 
SI-CM 450'COIS^ SE0IIAH £A\D\ D\ ! s& PECVDg , HDP-CVDS , APCV0S Efe ^5! 31! g,^ §25 § 

ssife as ms°^ sn= behi sxi°i 3^ bHa % ^iihaiei his s-s. 



4 

HI 1 SOU 9iO\ AH , 

&2I M9IXI SEfe Si Cima IIH@e ^g^PSS AHfilEfej SEHS §^o^, fe^l egj)x| £i= =g CI 

□►a imeej ani a^s as gsoiiAH hiss ^huhaiehsj =s ^iiHAia^g nashoi igsib j§ 

8hb BE HI SXhSI bHa Si 3HHHAIEH HIS gJS. 



5 

HI 1 SOU ^01 AH, 

401 HI 1 m& <£X\21 Sb feOI HI 2 5^ Sfa &X|B|g pvoa . CVDg) Efe AL0a°5 Ta. 

TaN, TiN. WN, TaC. WC, TiSiN Efe 0IM g 5JCHE CHJ= BS Ol^fS 5jg S if 8 101 gsfoH g^ohfe 
5JM ^§25 8|fer BE HI SXf°l bHa ii 2HIIHAIEI HIS . 



6 

HI 1 SOU 210UH, 

4Pi hi 1 afa axisis s^spi aoii nag°i s«i sai lhchiah 0^5 ^ih eh § oisb his 

OIU Ha Efe NHa §°l 4^^S S&B SEISDhg OlgB £|2>!E|« HISS ^Alolfe B31IS 01 
¥OiXlfe 2!S ^§§fb BE HI SXl°l bHa Si 9iHHA|EH HIS gJS. 



7 

HI 1 SOU 2JOHAH, 
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feOI HI 1 3^ dH£ SEfe S3I HI 2 3^ bD££ 3^ 1§£ =?Z\m AlgofCX , PVDS SEfe CVDSES 
Cu AIESS iSS! ^ Cu ED\ £2922 S2I MSSxl SEfe S3I Q0I6! Meg OHilolOI US 81 

^U. 231 £igf Olggf Cu §S}E^ Cu AlESs g££ ^ ¥S5H SEfe a3l E33°5 SOI e 
SSxl SEfe Si Q0IU CUSS OHils^U. OHU SS§ &&& u 0 l S°£ S3I MSIXI SEfe 

feoi cioia hh@m ohdskx ggsife a§ n§°£ sib eisai sxi°i end ai ^hhaiq 
HIS ss. 



8 

HI 1 SOII 2JCHAH. 

S2I 8IE OlSafer gS ;>ISM AlgSIOI §£fS0l 21<y Hl^Slfe 31s i§°£ 

si &}£»i sxi°i tiH<a si shidiaieh his as. 



9 

HI 1 SOU SI 01 AH , 

SOI HI 2 §^Q|g Si0 2 . FSG. SiOC, SiOH. SiOCH ISS S^OIIb HFg SE> V S! Afgsl 

01 Hl^olH, SdlOH 3IS°I USSi S^OIIfe 0 2 SdfSDIS AIM8K* Hl^5lfe 33 

§ Site S»2| gsSj m& S 5HBJIAIEI HI 5 



10 

HI 1 &0II SICHAH. 

S3I S)¥ a^ SEb S3I S¥ S^S CVOg. PVDS SEfe ALDS °S Pt. Ru, Ir SEfe W8 S*f8IO| § 

SSffe 51 ^S°£ Slfe SIEfll 4:1121 bHd S! IIH A| EH HIS g)Q. 



11 

HI 1 SOII SiCHAH. 

S3I of¥ 2=8 §S8PI SOU S3I SZJ- g^et 6} Oil TiN, TiAIN SEfe TiSiN §21 if 

2H0ICH* gSSIte B3IIS 3S3I01 0l¥OUIi= 318 81fe BE^I SI|°I bHS §! ?IIIHA| 

EH HIS SB. 



12 

HI 1 &0II 2ACHAH, 

SOI ^aX||QtS CVOS, PVDg SEte ALD3°S Ta dfiief. Ba-Sr-Ti ttsim. It ttsim, Hf ttsim. 
Pb-Zn-Ti tlsiS, Sr-8i-Ta tflii e«f8|-OI ISSfb 318 §§°S olfe BSfll SXI2I bH£ 
S 21IIHAIEH HIS »S. 



S^S 13 

HI 1 §e5B|, AJ2| g}X|B|, HI 2 i^af §y sje. 0^3^ 0l¥CHa S2> §^a|°l Sg g^M S^iSI 
01 e§«Xl SEfe MgSxia tJIOf^ 0I¥CH5! Si DOIS HHSOI *g9 ^SEfll ^IffOI HlSSIfe B3I; 

^31 &^0II HI 1 ^ ^dh SXiefg «S8lfe 3?||; 

e>Exii ?ie°i ^voii g^iii m aoi gg2s &oi 12^ ^si 

3^gl 4t3\ HI 1 Sfd ^XiajM HI718K)1 4f?l MS!lxl SEb S§ CIOIS nH @ CHI 

HI 1 bH^g §S8hfe B3II: 

5HHH A| EHUh ISi S^OI tfElfe &SBf lg§ §^8)01 &OI SSQ| DHSOI IS 3 XI QfOI t§@ 
g«°| 4,01 81 E 0IS3. 4f3| HI 2 gaet a 4,OI HI 1 3^ bHds HI^SJ- ^ &OI gga) lg§ 
Hl>l81fe 3511: 

&OI HI 1 ^ ^d g^Iiajg Sgfg! SHI 4f CHI 81V S^. SSHI^. 6f¥ 2^ SI HI 2 3^ %d gf 
Xiafg »S8lfe E+PIl; 

axil soil 3^ gas gsfoioi soi hi 2 §£^01 hi^s s^si udiii sasi oH^sife & 
311 ai 

2} 2* 2> ^ DIM fe'AISIOI &J\ HI 2 I05f ^oj =^ §g, fl | 2 =^ gj^ ofx|a|_ 

s^i sv a^. s?i sshi^ ai soi 8i¥ a^s ni^ism s&asioi hi 2 HHag gs&a 

gAICHI 3iIWA|EH« SSSIfe B3IIS OI^CHIIfe 31 S Slfe BhEfll SXf°l bHS a! ^IDIAI 
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14 

HI 13 SOU 910\M, 

&D\ SX|S| EEfe feOI 8^ Q^Bfe PECVDS^S SiN SEfe SiC^g 100 LH XI 1000 A g?|°| ^3fl 

£ g^folOI ISSIfe 51 8H= g}£HI SXISI bH<y SI 31 MAI EH HIS SS . 

3?S 15 

HI 13 S0II 2i 01 AH. 

&OI HI 1 gaet SEfer &UI HI 2 I3S,'g Si0 2 . FSG SEfe $?2#0I 3.0 0I8I9J Hg^f ggjofg A|g 
§101 450TCOI8I2I gEOIIAH *M A| D\ J\^§} PECVDS , HDP-CVDS . APCVDS SEfe SS 3g gf±i §2S g 
£!8lfe 2!§ ^S°£ 81 gfEHI SXI2I =^ bH2 SI 21IIHAIEH HIS S3. 

S^PS 16 

HI 13 &0II 21 OH AH, 

egijii sc fe =g am< M ^m^ms} AHfi!E1°J §EHS g£8l£l , &D\ M^xl SEi= Cf 

o\ti nne°i sxii a^s sie ssoiiah hiss ?h bhaiq °i =s ^muie^a nasi a ggsi-fe 33s 

Slfe BfEfl S»°| 3^ dH2 SI 21 IN A| EH HIS »6I . 

g^S 17 

HI 13 SfOII 91 OH AH, 

HI 1 mtt gJXiej SEfe HI 2 gJXietg PVDS . CVDg SEfe AL0S2S Ta, 

TaN, TiN, WN. TaC, WC. TiSiN £5= 0IM g 2JOISE CH i= 0I&S 3g SSSIOI §^6H ggSlfe 

31 ^§2S Slfe eJ-SEXHI SXh°J 3^ bH2 SI ^H HH A| EH HIS SS. 

S^PS 18 

HI 13 SOU SiCHAH, 

feOI HI 1 SX|BJ§ g£!8i;>l SOU §Sf §bl LHOIIAH 0h = = SfflQS 0|g& HIS 

oiu h 2 £Efe nh 3 §°i sss esiso^ oiss bi^eim hiss £A|ohte B5IIM sssich OI 

POHXIb 21 ^S8H= B»£fl| SX|£| bHd SI 3H IW A| EH HIS S3. 

g?8 19 

HI 13 8T0II 2J0HAH, 

&3| HI 1 3^ bH2 SEfe &3| HI 2 dH2g §i£ ?£IS AlgSfOI . PVDS SEfe CVDgJ°^ 
Cu AIHSS ¥ Cu 23>l £f3>| Me«xl SEfe &3| Si ClOhiJ HUSs OHUShOI §S8| 

»14, 251 0|gS Cu gSfos Cu AlEgg ? £?2SH SEfe 251 &;>| e 

a a sEfe 4^i sg cw<y miee ohus^u, 4*3121 dku sg§ ess 401 eg^i £ ^ 

feOI Si Cf0l<y nH@S OH 3 8101 llSolfe 5§ s § og sj fe ^xf°| 3^ HH2 SI ^MAIEH 

HIS 

20 

HI 13 8I-CMI SJOHAH, 

4^1 81 E OlSafe gS &g 5|S« Algol 01 M£fS0H ^'2| agog XIIIHSIfe 31S «§2§ 

8>b g}£HI =^ bH2 SI ^DHAIE) HIS gfgj. 

S^PSf 21 

HI 13 SOU SiCHAH. 

fe^l HI 2 Si0 2 . FSG. SiOC. SiOH. SiOCH SM2£ «SS S^OIIfe HFS 5S& A^ol 

01 HIX8IU, MSICH 311 S 21 HS2S I2et2S gg@ S^OIIfe 0 2 §£1SQIB AlgSIOI HI518lfe 51 
g ?S°S Slfe &}£Effll SXI2I bH2 SI 3H HH A| EH HIS SS. 
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s^s 22 

Ml 13 SOII 9iO\M. 

£D\ XII 1 dHd SEfe §§S i! 3 4»ISfe HCI SEfe HjS0 4 §2J A1§6101 XHZHoffe 51 

g s§°£ sife g>sa 4i»hi dHd §y ^muia sis aa. 

S?S 23 

XII 13 SOII 21W/H. 

§1^ SEfe &3| S^S CVDS, PVD3 SEfe AID3°S Pt, Ru, lr £fe WM SSfSIOl § 

£j6fir Si ^§2S 81 BESI ±X1°I OH ^ * ^ HH A| EH »|S »BJ . 

S^S 24 

XII 13 SOII SKHAH. 

&OI o\¥ SOII 6PI §2! ggaj a} on g^gog TiN, TiAIN SEfe TiSiN g°l 

SHOIOia tJSShfe 33tlg 2S3K3I 01^01X15= 31s i§°£ 8>fc BJEMI ±Xh°l 3^ dHd 91 a MAI 

a xii £ se. 

S^?S 25 

XII 13 SOII &OUH, 

&OI CVDS, PVDS SEtr AL0S°£ Ta <L>3iat, Ba-Sr-Ti dalg, Zr &§J§, Hf dtfg, 

Pb-Zn-Ti Mi, Sr-Bi-Ta #21gS gsfSKH ISSfb 31 ^§°£ Shfe ^Sfll ±XJ£i =^ dHd 
§J X1I£ SS. 

£&1a 
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